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INTRODUCTION 
 
The ubiquitous oxazoles have attracted increasing
medicinal chemistry. The oxazole ring occurs naturally and the 
total synthesis of natural products with a wide variety of 
biological activities containing oxazole moieties is an area of 
intense research (Jin, 2016). Oxazoles have not only attracted 
great interest due to their appearance as subunit of various 
biologically active natural products, but also because of their 
utilities as valuable precursors in many useful synthetic 
transformations (Joshi al., 2017; Ghani et al.
derivatives are among the most useful heterocycli
from both synthetic and medicinal chemistry aspects. Among 
the numerous heterocyclic moieties of biological and 
pharmacological interest, the oxazole framework represents an 
important structural motif in a number of biological activities, 
such as brain-derived neurotrophic factor induction 
et al., 2003), trypanocidal activity (Pinto
antifungus (Rawat et al., 2016), anti-inflammation 
et al., 2011), antidepression and anticonvulsion 
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ABSTRACT 

The available 2-acylamino-3,3-dichloroacrylonitriles when treated by sodium hydrogen sulfide 
undergo cyclization into the 4 cyano-1,3-oxazole-5-thioles. These latter compounds were converted 
into the 2-aryl-4-cyano-1,3-oxazole-5-sulfonamides using a standard reaction sequence. Synthesized 
compounds were screened for anticancer activity against a panel of 60 cancer cell lines at the Nation
Cancer Institute, USA.  

 is an open access article distributed under the Creative Commons
medium, provided the original work is properly cited. 
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(Song et al., 2017), antimicrobial activity 
and antidiabetes (Kumar et al.
derivatives of 1,3-oxazoles play a fundamental role in the 
synthesis of numerous drugs such as anti
(Abraham et al., 2014), immunomodulato
2004), antimalarial, antimicrobial, antiviral, and antifungal 
agents (Swellmeen, 2016; Sadek
studies have revealed their outstanding anticancer activities 
(Zhou et al., 2016; El-Nezhawy 
2015; Kumar et al., 2010; Liu
2003; Shriram et al., 2013). We also have predicted by QSAR 
models and showed by experimental study that some 1,3
oxazole derivatives appear to inhibit some cancer cell lines 
(Semenyuta et al., 2016). These observations prompted us to 
develop, synthesize, and evaluate a novel series of diverse 
chemical structures that include 1,3
4-cyano-1,3-oxazole-5-sulfonamide derivatives was 
synthesized. The synthesized comp
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in vitro antitumor activity against a panel of 60 cancer cell 
lines at the National Cancer Institute, USA.  

 
RESULTS AND DISCUSSION 
 
Chemistry: Syntheses of compound 1-7 are depicted on 
Scheme 1. The available 2-aroylamino-3,3-
dichloroacrylonitriles I were chosen as the starting materials 
(Drach et al., 1974). By the action of an excess of sodium 
hydrogen sulfide they underwent cyclization into the 
substituted 5-mercaptooxazoles II (Vinogradova et al., 1982).24 
The latter were immediately converted into the alkylation 
products III without isolation in the individual state. Oxidative 
chlorination of products III proceeds in aqueous acetic acid at 
0°C to give 2-aryl-4-cyano-1,3-oxazole-5-sulfonyl chlorides 
IV with yields of 55–75%. The reactions of sulfonyl chlorides 
IV with piperidines and morpholine occur in a boiling 
anhydrous dioxane in the presence of triethylamine to give the 
sulfonamides 1-7 in yields of 65–75%. Structures of 
synthesized compounds were confirmed by the IR, 1H and 13C 
NMR, and GC-MS spectra. Chemical structures of synthesized 
compounds are shown in Table 1. 
 
Scheme 1. Synthesis of 2-aryl-4-cyano-1,3-oxazole-5-
sulfonamides 1-7a 

 

 
 
aReagents: (a) NaSH(excess), MeOH, 20-25oC, 24h; 5% 
hydrochloric acid; (b) benzyl chloride, Et3N, MeOH, reflux, 2-
3h; 20-25oC, 12h; (c) Cl2, acetic acid, 0oC, 0.5h; 20-25oC, 12h; 
(d) piperidines or morpholine, Et3N, reflux, 2h; 20-25oC, 12h, 
65-75%.  
 

Biological Evaluation 
 

Primary Single High Dose (10−5 M) against Full NCI 60 
Cells Panel in Vitro Assay 
 
Results of the initial single dose (10 μM) testing of NSC 
765529, NSC 765530, NSC 762255, NSC 762256, NSC 
762257, NSC 762258 and NSC 762259 against the 60 cell 
lines of NCI are presented as one dose mean graphs of the 
percent growth of the treated cells when compared to the 
untreated control cells in Figures 1-6. Activity of compounds is 
represented by the percentage of growth relative to untreated 
cells. The data summarized present a visual image consistent 
with results obtained from the NCI cancer screen. The 
individual response of each cell line to the agent is depicted by 
a bar graph extending either to the right or left of the mean, 
depending on whether the cell line was either more or less 
sensitive than the average response. The length of each bar is 
proportional to the relative sensitivity compared with the mean 
determination. The one dose mean graph representation of 
antitumor effects of NSC 765529 shows that colon, melanoma, 
and renal cell lines were particularly sensitive (Fig. 1).  
 
The highest activity for this compound was 100% growth 
inhibition for the colon cancer cell line HCT-116, and the 
melanoma cancer cell line LOX IMVI followed by 98.8% 
growth inhibition for the renal cancer cell lines RXF 393 and 
A498 (Fig.1). A single dose of 10 μM of the test compound 
against the NCI 60 cell lines was used. Zero on the X-axis 
represents the mean percentage of growth of the tested cell 

lines. The percentage of growth of each cell line relative to the 
mean is represented by a horizontal bar extending to the right 
side indicating mre sensitivity or to the left side indicating less 
sensitivity. The one dose mean graph representation of 
antitumor effects of NSC 765530 in the in vitro cancer screen 
demonstrates that colon, melanoma, and renal cancer cell lines 
were also the most affected. The highest growth inhibition was 
found to be −100.0% growth for the HCT-116 cell line and –
92.62% for COLO 205 (Fig. 2). The growth inhibition for the 
renal cancer cell lines RXF 393 and A498 was 95% followed 
by 89% growth inhibition for the melanoma cancer cell line 
LOX IMVI (Fig.2). The compound NSC 765530, as distinct 
from NSC 765529, also inhibited the growth of the ovarian 
cancer cell line OVCAR-3 by 94%.  
 

The compound NSC 762255 exhibited pronounced cytotoxic 
effects in HCT-116 colon cancer (−75.4%), and NCI-H522 
non-small cell lung cancer (−71.8%) cell lines (Fig.3). For 
NSC 762256, the highest growth inhibition was found to be –
16.9% for the non-small cell lung cancer NCI-H522 cell line 
(Figure 4). For NSC 762257, the highest growth inhibition was 
found to be −66.8% for the non-small cell lung cancer NCI-
H522, and −62.6% for colon cancer SW–620 cell lines (Figure 
5). The compound NSC 76258 exhibited moderate cytotoxic 
effects only in NCI-H522 non-small cell lung cancer cell line 
(64.8%) (Fig. 6). NSC 762259 did not inhibit cancer cell lines 
studied (Data are not shown). After obtaining the results for 
the single dose assay, the tested compounds NSC 765529, 
NSC 765530, NSC 762255 and NSC 762257, which satisfied 
the predetermined threshold inhibition criteria of the NCI-60 
one dose screening, were tested at five different concentrations 
(0.01, 0.1, 1, 10 and 100 µM) for each cell line (Tab. 1, Figs. 
7-11). The outcomes were used to create log10 concentration 
versus percentage growth inhibition curves.  
 
Three end points are used to determine compound activity. The 
GI50 value (growth inhibitory activity) corresponds to the 
concentration required to inhibit 50% of cells, the TGI value 
(cytostatic activity) is the concentration of the compound 
resulting in total growth inhibition, and LC50 value (cytotoxic 
activity) is the concentration of the compound required to kill 
50% of cells at the end of the incubation period of 48 h. Fig. 7 
shows pronounced cytotoxicity of the compounds NSC 
765529, NSC 765530, NSC 762255 and NSC 762257, 
although with considerably divergent potencies against the 
individual cell lines. Screening profiles, as exemplified by Fig. 
7, manifesting "differential" growth inhibition have been of 
particular interest as the basis for research applications of the 
screen, as well as for the selection and prioritization of 
compounds for in vivo evaluation.  
 
The values (Molar) of GI50, TGI and LC50 of the target 
compounds against the full 60-cell line panel are illustrated in 
Table 1. Figures 8 shows GI50, TGI, and LC50 mean graphs for 
the compounds constructed from the data illustrated in Table 1, 
which are interpolated log10 values representing 
concentrations at which the percentage growth is +50, 0 and –
50%, respectively. Each bar indicates whether the sensitivity of 
the cell line is greater (bar to the right) or less (bar to the left) 
than the average response. Both compounds NSC 765529 and 
NSC 765530 exhibited significant dose-dependent potent 
patterns of activity against most cancer cell lines.  
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Figure 1. Sensitivity of the 60 human cancer cell lines to the cytotoxic activities of compound NSC 765529 
 

 
 

Figure 2. Sensitivity of the 60 human cancer cell lines to the cytotoxic activities of compound NSC 765530 
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Figure 3. Sensitivity of the 60 human cancer cell lines to the cytotoxic activities of compound NSC 762255 

 

 
 

Figure 4. Sensitivity of the 60 human cancer cell lines to the cytotoxic activities of compound NSC 762256 
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Figure 5. Sensitivity of the 60 human cancer cell lines to the cytotoxic activities of compound NSC 762257 
 

 
 

Figure 6. Sensitivity of the 60 human cancer cell lines to the cytotoxic activities of compound NSC 762258 
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For NSC 765529, the NCI-60 GI50 values ranged from 0.21 
μM to 16.9 μM. The leukemia cell lines showed a significant 
sensitivity to this compound; for out of five of the tested cell 
lines namely SR, CCRF-CEM, MOLT-4 and K
sub-micro molar GI50 values as small as 0.21, 0.24, 0.26 and 
0.35 μM, respectively, followed colon cancer HCT
116, and SW-620 cell lines showing sub-
values of 0.38, 0.43 and 0.68 μM, respectively. The least 
growth inhibitory activity was for the CNS cancer SNB
line (GI50 = 16.9 μM) (Table 1, Fig. 8). The compound
765530 had a broad action spectrum.  
 
The NCI-60 GI50 values ranged from 0.15 μM to 6.4 μM; the 
most sensitive cell lines were the leukemia SR, CCRF
MOLT-4 and K-562 (0.15, 0.19, 0.25, 0.30 μM respectively), 
colon cancer HCT-116, HCT-15, SW-620 a
(0.21, 0.25, 0.35, 0.50 μM respectively), melanoma MALME
3M, LOX IMVI, MDA-MB-435 and M14 (0.30, 0.57, 0.62, 
0.79 μM respectively), ovarian cancer OVCAR
cancer MCF-7 cell lines showing sub-micro molar GI
of 0.60 and 0.78 μM respectively. The least growth inhibitory 
activity was for the non-Small cell lung cancer NCI
cell line (GI50 = 6.4 μM) (Table 1, Fig. 8). The profiles of the 
compounds NSC 762255 and NSC 762257 are slightly 
different as well as their GI50 values for the most sensitive cell 
lines: the leukemia CCRF-CEM cell line (0.67 and 0.41 
respectively), and the non-Small cell lung cancer NCI
cell line (0.28 and 0.47 M respectively).  

Figure 7. Collective Dose Response Curves of Compound NSC 765529, NSC 765530, NSC 762255 and NSC 762257 
for all NCI 60 Cell Lines of 
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For these compounds, the NCI-
to 23 μM. (Table 1, Fig. 8). COMPARE correlation analysis 
(Boyd et al, 1995) showed similar response profiles for NSC 
765529 and NSC 765530 (r > 0.8 for GI
while NSC 762255 and NSC 762257 were almost identical
0.95 for GI50, TGI, and LC
765530 and NSC 762255 or 762257, GI
averaged 0.65 (TGI = 0.56, LC
in cell response. The high correlation of NSC 765529 and 
765530, and of NSC 762255 and 7
those groups may be explained by the concurrent testing of 
those pairs in the same NCI experiment. 

 
Ultimately, all four compounds resulted in similar NCI
patterns. Among the four reported compounds, NSC 765530 
provided the most potent and widest range of activity, and was 
therefore used as a seed to search the NCI standard agents 
database using the COMPARE algorithm. The highest 
variability in cell responses was obtained with the LC
(SD = 0.55; GI50 and TGI SD values 
respectively), so that was the seed vector for comparison with 
LC50 (Table 2). Additionally, all public synthetic agents were 
examined for LC50 COMPARE correlations exceeding 0.7 with 
NSC 765530 LC50 values (Supplementary table). Among the 
78 substances with r > 0.7, there were 23 with structures that 
contain quinones, including urdamycin A (NSC 613244, 
r=0.79) and cycloalkannin (NSC 301457, r = 0.71). The 
second-highest COMPARE correlation was for NS
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Table 1. Cytotoxic activities of NSC 765529, NSC 765530, NSC 762255, and NSC 762257 against the NCI 60 human cancer cell line
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Table 1. Chemical structures of compounds 1-7 

 
Compound NCI code NSC Molecular weight Chemical structure Chemical name 

1 765529 331.40 

 

5-[(4-methylpiperi-din-1-yl)sulfonyl]-2-phenyl-1,3-
oxazole-4-carbonitrile 

2 765530 331.40 

 

5-[(3-methylpiperi-din-1-yl)sulfonyl]-2-phenyl-1,3-
oxazole-4-carbonitrile 

3 762255 333.37 

 

2-(4-methylphe-nyl)-5-(morpholine-4-sulphonyl)-1,3-
oxazo-le-4-carbonitrile 

4 762256 331.40 

 

2-(4-methylphe-nyl)-5-(piperidine-1-sul-phonyl)-1,3-
oxa-zole-4-carbonitrile 

5 762257 351.81 

 

2-(4-chlorophe-nyl)-5-(piperidine-1-sulphonyl)-1,3-oxa-
zole-4-carbonitrile 

6 762258 353.79 

 

2-(4-chlorophe-nyl)-5-(morpholine-4-sulphonyl)-1,3-
oxa-zole-4-carbonitrile 

7 762259 418.26 

 

2-(3,5-dichloro-4-me-thoxyphenyl)-5-(mor-pholine-4-
sulpho-nyl)-1,3-oxazole-4-car-bonitrile 

 
Table 2. Standard Agent LC50 COMPARE correlations > 0.65 for NSC 765530 LC50 vector (SD = 0.55) 

 
NSC Name Structure Reported Mechanism(s) HICONC SD r 

253272 Caracemide 

 

 10-2 M 0.40 0.69 

305884 Acodazole 

 

DNA intercalation (https, 2017; 
Johnson et al., 2017) 

10-3.1 M 0.37 0.69 

133100 Rifamycin SV 

 

BCL6; prokaryotic (Evans et al., 2014) 
RNA polymerase (Wehrli et al., 1971) 

10-3 M 0.39 0.68 

330500 Macbecin II 

 

Hsp90? (Martin et al., 2008) 10-3.3 M 0.43 0.65 

104801 Cytembena 

 

 10-2 M 0.58 0.65 
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(r = 0.81), a naphthoquinone analog which is part of the NIH 
Molecular Libraries program (PubChem substance ID 
87335613 (SID, 2017), where it was found to be a 108 nM 
inhibitor of NSD2. Due to the presence of many quinone 
compounds, matrix COMPARE was performed with 
doxorubicin (NSC 123127) and daunorubicin (NSC 82151). 
NSC 765530 had low, non-zero LC50 COMPARE correlations 
with both doxorubicin and daunorubicin (r = 0.22 and 0.39, 
respectively). Matrix COMPARE using GI50 and TGI vectors 
did not find improved correlations (GI50 = 0.26 and 0.23; TGI 
= -0.013 and 0.082 for doxorubicin and daunorubicin, 
respectively). Oxazole is a heterocyclic compound and exhibits 
a wide variety of anticancer activities (Swellmeen, 2016; Joshi 
et al., 2016). Among oxazoles it was shown that phorboxazoles 
display the most cytostatic activity against all 60 cell lines of 
the National Cancer Institute human cancer test panel with a 
mean GI50 < 0.8 nM (Searle et al., 1995). Thus, these 
compounds rank among the most potent cytostatic agents 
discovered. However some new information has not been 
published to date concerning anticancer activity of these 
compounds. Differently substituted oxazole moieties have 
different activity. Indeed the obtained results indicate that 
compounds NSC 765529 and NSC 765530 showed higher 
anticancer activity than compounds NSC 762255 and NSC 
762257, and compound NSC 765530 exhibited a wide range of 
anticancer activities. 
 
Conclusion 

 
A series of novel 4-cyano-1,3-oxazole-5-sulfonamides 
derivatives were synthesized and evaluated for their antitumor 
activities. The synthesized compounds were subjected to 
anticancer activity testing. In summary, colon, melanoma, and 
renal cancer cell lines were particularly sensitive to the 
compounds NSC 765529, and NSC 765530. The leukemia cell 
lines SR, CCRF-CEM, MOLT-4 and K-562 showed a 
significant sensitivity to these compounds with sub-micro 
molar GI50 values. The compounds NSC 762255, and NSC 
762257 showed anticancer activity for the leukemia CCRF-
CEM and the non-small cell lung cancer NCI-H522 cell lines 
also over the range of sub-micro molar GI50 values. We 
believe that NSC 765529 and NSC 765530 will serve a good 
lead compounds for further investigation to improve the in vivo 
efficacy of this series as anticancer agents.  
 
Therefore, 4-cyano-1,3-oxazole-5-sulfonamides is structurally 
novel potent perspective class of anticancer agents suitable for 
further chemical optimization and structure-activity 
relationship investigation. These results make the reported 
oxazole derivatives not only interesting for the further 
chemical optimization of this class but also for future studies 
on their mechanism of action and structure-activity 
relationship. These compounds will be use full to improve the 
biological effects of oxazoles in a next-generation series. NCI-
60 cytotoxicity profiles point toward a possible DNA damage 
mechanism, due to the similarity with multiple quinone 
analogs as well as similarity to the profile of acodazole. 
However, the mechanism is apparently different from that of 
doxorubicin. Other mechanisms are possible, as rifamycin SV 
has been shown to inhibit BCL6 (Evans et al., 2014). The 
sulfone component of these reported compounds is structurally 
similar to a number of compounds that were found in a BCL6 
inhibitor screen (Cerchietti et al., 2010). Additionally, a few 
possible targets of NSC 40342 (SID, 2017), in particular 
NSD2, could be an important part of these compounds’ 

cytotoxic effects. Further investigation will be required to 
uncover relevant mechanisms of action. 
 
Experimental section 
 
General Chemistry Methods. 1H (500 MHz) and 13C (125 
MHz) NMR spectra were recorded on a Bruker Avance DRX 
500 spectrometer in DMSO-d6 or CDCl3 solution with TMS as 
an internal standard. IR spectra were recorded on a Vertex 70 
spectrometer from KBr pellets. The melting points were 
estimated on a Fisher-Johns instrument.  
The chromatomass spectra were recorded on an Agilent 1100 
Series high performance liquid chromatograph equipped with a 
diode matrix with an Agilent LC\MS mass selective detector 
allowing a fast switching the positive/negative ionization 
modes. The reaction progress was monitored by the TLC 
method on Silica gel 60 F254 Merck. 
 
Synthetic Procedures. Compounds 3-7 was synthesized as 
reported earlier (Kornienko et al., 2012). 5-[(4-
Methylpiperidin-1-yl)-sulfonyl]-2-phenyl-1,3 -oxazole-4-
carbonitrile (1). To a solution of 0.001 mol of 4-cyano-2-
phenyl-1,3-oxazole-5-sulfonyl chloride in THF was added 
0.0011 mol of 4-methylpiperidine and 0.0011 mol of Et3N. The 
mixture was heated for 2 h and kept at 20-25°C for 12 h. The 
precipitate was filtered off, the solvent was removed in a 
vacuum. The precipitate was treated whis water, filtered off, 
dried and recrystallized from EtOH. Yield 74%. Mp 146-
148°C. IR (KBr), ν, cm-1: 577, 624, 726, 931, 1053, 1161, 
1288, 1332, 1376 (SO2), 1450, 1550, 1605, 2247 (CN), 2936. 
1H NMR (400 MHz, DMSO-d6), δ: 0.89 (d, 3H, J=6.4, CH3), 
1.13-1.22 (m, 2H, piperidine), 1.46 (br s, 1H, piperidine), 1.75 
(d, 2H, J=12.0, piperidine), 2.95 (t, 2H, J=11.6, piperidine), 
3.72 (d, 2H, J=11.6, piperidine), 7.62-7.72 (m, 3H, Ar), 8.05 
(d, J=7.2, 2H, Ar). 13C NMR (125 MHz, CDCl3), δ: 163.4 
(C2

oxazol), 151.1 (C5
oxazol), 133.1 (CPh), 129.5 (2CPh), 127.4 

(2CPh), 124.4 (CPh), 117.3 (C4
oxazol), 110.8 (CN), 45.6 

(2Cpiperidine), 32.8 (2Cpiperidine), 28.8 (Cpiperidine), 21.2 (CH3). 
LCMS, m/z: 332 [M+1]+. 5-[(3-Methylpiperidin-1-yl)-
sulfonyl]-2-phenyl-1,3-oxazole-4-carbonitrile (2) were 
prepared similarly starting from 4-cyano-2-phenyl-1,3-
oxazole-5-sulfonyl chloride and 3-methylpiperidine. Yield 
71%. Mp 141-143°C (from EtOH). IR (KBr), ν, cm-1: 570, 
631, 717, 747, 930, 1007, 1152, 1172, 1329, 1378 (SO2), 1449, 
1477, 1552, 1605, 2248 (CN), 2851, 2923, 2947. 1H NMR 
(400 MHz, DMSO-d6), δ: 0.89 (d, J=6.4 3H, CH3), 0.96-1.06 
(m, 1H, piperidine), 1.47-1.56 (m, 1H, piperidine), 1.67-1.79 
(m, 3H, piperidine), 2.63 (t, 1H, J=10.8, piperidine), 2.91-2.96 
(m, 1H, piperidine), 3.58-3.68 (m, 2H, piperidine), 7.62-7.73 
(m, 3H, Ar), 8.06 (d, J=7.6, 2H, Ar). 13C NMR (125 MHz, 
CDCl3), δ: 163.4 (C2

oxazol), 151.1 (C5
oxazol), 133.1 (CPh), 129.5 

(2CPh), 127.4 (2CPh), 124.4 (CPh), 117.2 (C4
oxazol), 110.8 (CN), 

51.7 (Cpiperidine), 45.7 (Cpiperidine), 30.8 (Cpiperidine), 30.2 
(Cpiperidine), 24.1 (Cpiperidine), 18.5 (CH3). LCMS, m/z: 332 
[M+1]+. 
 
In Vitro Anticancer Screening of the synthesized 
compounds 
 
One Doses Full NCI 60 Cell Panel Assay. The newly 
synthesized compounds were submitted to National Cancer 
Institute NCI, Bethesda, Maryland, U.S.A., under the 
Developmental Therapeutic Program DTP. The cell line panel 
engaged a total of 60 different human tumor cell lines derived 
from nine cancer types, including lung, colon, melanoma, 
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renal, ovarian, brain, leukemia, breast, and prostate. The target 
compounds (1-7) were assigned with the following NCI codes 
NSC 765529, NSC 765530, NSC 762255, NSC 762256, NSC 
D762257, NSC 762258 and NSC 762259, respectively Primary 
in vitro one dose anticancer screening was initiated, in which 
the full NCI 60 panel lines were inoculated onto a series of 
standard 96-well microtiter plates on day 0 at 5000-40,00 
cells/well in RPMI 1640 medium containing 5% fetal bovine 
serum and 2 mM L-glutamine, and then preincubated in 
absence of drug at 37°C, and 5% CO2 for 24 h. Test 
compounds were then added at one concentration of 10−5 M in 
all 60 cell lines, and incubated for a further 48 h at the same 
incubation conditions . Following this, the media were 
removed, the cells were fixed in situ, washed, and dried. The 
sulforhodamine B assay is used for cell density determination, 
based on the measurement of cellular protein content. After an 
incubation period, cell monolayers are fixed with 10% (wt/vol) 
trichloroacetic acid and stained for 30 min, after which the 
excess dye is removed by washing repeatedly with 1% 
(vol/vol) acetic acid. The bound stain was resolubilized in 10 
mM Tris base solution and measured spectrophotometrically 
on automated microplate readers for OD determination at 510 
nm.  
 
Five Doses Full NCI 60 Cell Panel Assay: All the 60 cell 
lines, representing nine cancer subpanels, were incubated at 
five different concentrations (0.01, 0.1, 1, 10 and 100 µM) of 
the tested compounds. The outcomes were used to create log10 
concentration versus percentage growth inhibition curves and 
three response parameters (GI50, total growth inhibition (TGI) 
and LC50) were calculated for each cell line. The GI50 value 
(growth inhibitory activity) corresponds to the concentration of 
the compound causing 50% decrease in net cell growth. The 
TGI value (cytostatic activity) is the concentration of the 
compound resulting in total growth inhibition. The LC50 value 
(cytotoxic activity) is the concentration of the compound 
causing net 50% loss of initial cells at the end of the incubation 
period of 48 h. The three dose response parameters GI50, TGI 
and LC50 were calculated for each experimental compound. 
Data calculations were made according to the method 
described by the NCI Development Therapeutics Program 
(https://dtp.cancer.gov/discovery_development/nci-
60/default.htm).  
 
The % growth curve is calculated as:  
[(T-T0)/(C-T0)]x100, 
where  
 
T0 is the cell count at day 0,  
  
C is the vehicle control (without drug) cell count (the 
absorbance of the SRB of the control growth).  
 
T is the cell count at the test concentration at day 3. 
The GI50 and TGI value are determined as the drug 
concentration that results in a 50% and 0% growth at 48 hr 
drug exposure. Growth inhibition of 50 % (GI50) is calculated 
from: 
 
[(T-T0)/(C-T0)] x 100 = 50. 
 
The TGI is the concentration of test drug where: 
 
100 × (T - T0)/(C - T0) = 0.  
 

Thus, the TGI signifies a cytostatic effect. 
 
The LC50, which signifies a cytotoxic effect, is calculated as: 
[(T-T0)/T0] x100= -50, 
when T< T0. 
 
NCI 60 Cell Panel COMPARE Correlations. COMPARE 
correlations were performed essentially as described (Boyd et 
al., 1995). Briefly, vectors of Log GI50, TGI, and LC50 
concentrations for NSC 765530 were correlated with the set of 
average GI50, TGI, and LC50 vectors, respectively, for the 
standard agents database (https://dtp.cancer.gov/ 
discovery_development/nci-60/default.htm) or all public NCI-
60 vectors, that contained at least 40 overlapping cell lines and 
had SD > 0.2. LC50 vector correlations were reported for those 
exceeding 0.6 for the standard agents or 0.7 for the full public 
synthetic agents database. 
 
Acknowledgements  
 
We would like to thank US Public Health Service and National 
Cancer Institute, USA, for in vitro evaluation of anticancer 
activity (providing the NCI-60 cell testing) within the 
framework of Developmental Therapeutic Program 
(http://dtp.cancer.gov), and Enamine Ltd for the material and 
technical support. Also we thank Dr. Brian D. Peyser from 
Computational Drug Development Group, Developmental 
Therapeutics Program, Division of Cancer Treatment and 
Diagnosis, National Cancer Institute for performing of 
COMPARE analisis. 
 
Disclaimer 
 
This material should not be interpreted as representing the 
viewpoint of the U.S. Department of Health and Human 
Services, the National Institutes of Health, or the National 
Cancer Institute. 
 
Conflict of interests: The authors declare that there is no 
conflict of interests regarding the publication of this paper. 
 

REFERENCES 
 
Abd El-All, A.S., Osman, S. A., Roaiah, H. M. F., Abdalla, M. 

M., Abd El Aty, A. A., AbdEI-Hady, W. H. 2015. Potent 
Anticancer and Antimicrobial Activities of Pyrazole, 
Oxazole and Pyridine Derivatives Containing 1,2,4-
Triazine Moiety. Med. Chem. Res., 24, 4093–4104. 

Abraham, E., Chandewar, A. V. 2014. Synthesis Of Novel 2-
Phenyl-1,3-Oxazole Derivatives As Non-Acidic Anti 
Inflammatory Agent And Evaluation By In Silico, In Vitro 
And In Vivo Methods. Indo Amer. J. Pharm. Res., 4, 1257-
1266. 

Boyd, M.R., Paull, K.D. 1995. Some practical considerations 
and applications of the national cancer institute in vitro 
anticancer drug discovery screen. Drug Dev. Res., 34, 91-
109. 

Cerchietti, L.C., Ghetu, A.F., Zhu, X., Da Silva, G.F., Zhong, 
S., Matthews, M., Bunting, K.L., Polo, J.M., Farès C, 
Arrowsmith, C.H., Yang, S.N., Garcia, M., Coop, A., 
Mackerell, A.D. Jr., Privé, G.G., Melnick, A. 2010. A 
small-molecule inhibitor of BCL6 kills DLBCL cells in 
vitro and in vivo. Cancer Cell, 17(4), 400-411. 

Drach, B.S., Sviridov, E.P., Lavrenyuk, T.Ya. 1974. 
Interaction of α-Acylamino-β,β-dichloroacrylonitriles with 

69424                                              International Journal of Current Research, Vol. 10, Issue, 05, pp. 69410-69425, May, 2018 
 



Primary Amines. J.Org. Chem. USSR (Eng. Transl.), 10(6), 
1278-1280. 

El-Nezhawy, A. O. H., Eweas, A. F., Radwan, M. A. A., El-
Naggar, T. B. A. 2016. Synthesis and Molecular Docking 
Studies of Novel 2-Phenyl-4-Substituted Oxazole 
Derivatives as Potential Anti-cancer Agents. J. Heterocycl. 
Chem., 53, 271–279. 

Evans, S. E., Goult, B. T., Fairall, L., Jamieson, A. G., Ko 
Ferrigno, P., Ford, R., Schwabe, J. W. R., Wagner, S. D. 
2014. The Ansamycin Antibiotic, Rifamycin SV, Inhibits 
BCL6 Transcriptional Repression and Forms a Complex 
with the BCL6-BTB/POZ Domain. PLoS One, 9(3), 
e90889. 

Ghani, A., Hussain, E. A., Sadiq, Z., Naz, N. 2016. Advanced 
Synthetic and Pharmacological Aspects of 1,3-Oxazoles 
and Benzoxazoles. Indian J. Chem., 55B, 833-853. 

https://ncit.nci.nih.gov/ncitbrowser/pages/concept_details.jsf?d
ictionary=NCI_Thesaurus&version=17.11d&code=C988 
(accessed Dec 12, 2017). 

Jin, Z. 2016. Muscarine, Imidazole, Oxazole and Thiazole 
Alkaloids. Nat. Prod. Rep., 33, 1268-1317. 

Johnson, R., Broome, M. 1981. Final Report: Biochemical and 
Biological Characterization of Antitumor Drugs, Contract 
N01-CM-87186. 

Joshi, S., Bisht, A. S., Juyal, D. 2017. Systematic Scientific 
Study of 1, 3-Oxazole Derivatives as a Useful Lead for 
Pharmaceuticals: A review. The Pharma Innov. J., 6, 109-
117. 

Joshi, S., Bisht, A.S., Juyal, D. 2017. Systematic Scientific 
Study of 1, 3-Oxazole Derivatives as a Useful Lead for 
Pharmaceuticals: A Review. The Pharma Innovation 
Journal, 6, 109-117. 

Kornienko, A.N., Pil'o, S.G., Prokopenko, V.M., Brovarets, 
V.S. 2012. Synthesis of 2-aryl-4-cyano-1,3-oxazole-5-
sulfonylchlorides and N-substituted sulfonamides Rus. J. 
Gen. Chem., 82(11), 1855–1858. 

Kumar, A., Ahmad, P., Maurya, R.A., Singh, A. B., 
Srivastava, A.K. 2008. Novel 2-Aryl-Naphtho[1,2-
d]oxazole Derivatives as Potential PTP-1B Inhibitors 
Showing Antihyperglycemic Activities. Eur. J. Med. 
Chem., 44, 109-116. 

Kumar, D., Kumar, N. M., Sundaree, S., Johnson, E. O., Shah, 
K. 2010. An Expeditious Synthesis and Anticancer Activity 
of Novel 4-(3'-indolyl)oxazoles. Eur. J. Med. Chem., 45, 
1244-1249. 

Liu, X., Bai, L., Pan, C., Song, B., Zhu, H. 2009. Novel 5-
methyl-2-[(un)substituted phenyl]-4-{4,5-dihydro- 3-
[(un)substituted phenyl]-5-(1,2,3,4-tetrahydroisoquinoline-
2-yl)pyrazol-1-yl}-oxazole Derivatives: Synthesis and 
Anticancer Activity. Chin. J. Chem., 27, 1957-1961. 

Maekawa, T., Sakai, N., Tawada, H., Murase, K., Hazama, M., 
Sugiyama, Y., Momose, Y. 2003. Synthesis and biological 
activity of novel 5-(omega-aryloxyalkyl)oxazole 
Derivatives as Brain-derived Neurotrophic Factor Inducers. 
Chem. Pharm. Bull. (Tokyo), 51, 565-573. 

Martin, C. J., Gaisser, S., Challis, I. R., Carletti, I., Wilkinson, 
B., Gregory, M., Prodromou, C., Roe, S. M., Pearl, L. H., 
Boyd, S. M., Zhang, M.-Q. 2008. Molecular 
Characterization of Macbecin as an Hsp90 Inhibitor. J. 
Med. Chem., 51(9), 2853–2857. 

 
 
 
 
 

Mesaik, M.A., Rahat, S., Khan, K. M., Zia-Ullah; Choudhary, 
M. I., Murad, S., Ismail, Z., Atta-ur-Rahman; Ahmad, A. 
2004. Synthesis and Immunomodulatory Properties of 
Selected Oxazolone Derivatives. Bioorg. Med. Chem., 2, 
2049-2057. 

Niraimathi, V., Jerad Suresh, A., Latha, T. 2011. Evaluation of 
In Vitro Anti-inflammatory Activity of Azomethines of 
Aryl Oxazoles. E-Journal of Chemistry, 8, 392-394. 

Pinto, A. V., Pinto, C. N., Pinto Mdo C., Rita, R. S., Pezzella 
C. A., de Castro, S. L. 1997. Trypanocidal Activity of 
Synthetic Heterocyclic Derivatives of Active Quinones 
from Tabebuia sp. Arzneimittelforschung, 47, 74-79. 

Rawat, B. S., Shukla, S. K. 2016. Synthesis and Evaluation of 
Some New Thiazole/Oxazole Derivatives for Their 
Biological Activities. World J. Pharmacy and 
Pharmaceutical Sci., 5, 1473-1482. 

Sadek, B., Fahelelbom, K. M. 2011. Synthesis, 
Characterization, and Antimicrobial Evaluation of 
Oxadiazole Congeners. Molecules, 16, 4339-4347. 

Searle, P. A., Molinski, T. F. 1995. Phorboxazoles A and B: 
Potent Cytostatic Macrolides from Marine Sponge Phorbas 
Species J. Am. Chem. Soc., 117, 8126–8131. 

Semenyuta, I., Kovalishyn, V; Tanchuk, V., Pilyo, S., Zyabrev, 
V., Blagodatnyy, V., Trokhimenko, O., Brovarets, V.’ 
Metelytsia, L. 2016. 1,3-Oxazole Derivatives as Potential 
Anticancer Agents: Computer Modeling and experimental 
study. Comput Biol Chem., 65, 8-15. 

Shriram, P., Kumar, D., Sudhir, I., Asif, K. A. 2013. Study on 
Synthesis and Different Biological Activities of Oxazole 
Based Derivatives. Unique Res. J. Chem. (URJC), 1, 16-29. 

SID 87335613 - PubChem https://pubchem.ncbi.nlm.nih.gov/ 
substance/87335613 (accessed Dec 15, 2017). 

Song, M. X., Deng, X., Rao, B. Q., Cheng, B. B., Wu, Y., 
Zeng, H., Luo, Y. G. 2017. Design, Synthesis and 
Evaluation of the Antidepressant and Anticonvulsant 
Activities of Triazole-Containing Benzo[d]oxazoles. CNS 
Neurol Disord Drug Targets, 16, 187 – 198. 

Swellmeen, L. 2016. 1,3-Oxazole Derivatives: A Review of 
Biological Activities as Antipathogenic. Der Pharma 
Chemica, 8, 269-286.  

Tomi, I. H. R., Tomma, J. H., Al-Daraji, A. H. R., Al-Dujaili, 
A. H. 2015. Synthesis, Characterization and Comparative 
Study the Microbial Activity of Some Heterocyclic 
Compounds Containing Oxazole and Benzothiazole 
moieties. J. Saudi Chem. Soc., 19, 392–398. 

Vinogradova, T.K., Kisilenko, А.А., Drach, B.S. 1982. 
Synthesis of 2,4-Substituted 5-Mercaptooxazoles. J.Org. 
Chem. USSR (Eng. Transl.), 18(9), 1630-1635. 

Wehrli, W., Staehelin, M. 1971. Actions of the Rifamycins. 
Bacteriol. Rev., 35(3), 290–309. 

Zhou, H., Cheng, J. Q., Wang, Z. S., Chen, F. H., Liu, X. H. 
2016. Oxazole: A Promising Building Block for the 
Development of Potent Antitumor Agents. Curr. Top. Med. 
Chem., 16, 3582–3589. 

 

 

******* 

69425                                       Maryna V. Kachaeva et al. 4-Cyano-1,3-Oxazole-5-sulfonamides as novel promising anticancer lead compounds 
 


